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v RIVKLING OF THE FACINGS OF SANDWICH CONSTRUCTION

SUBJECTED TO EDGEWISE COMPRESSIONL

Sandwich Ceonstructions Having Honeycomb Cores

By
CHARLES B NORRIS5, LEnginee:
KENNETH H BOLLER, Engineer
and

ARNOLD W VOSS, Engineer

Forest Products Labtoratery, Z’- Forest Service
U S Department of Agriculture

B A

The wrinkiing of the facings cf sandwich construction 18 influenced by the cell
size of the honeycomb ccre Equaticns go e:ning this wrinkiing and a method
of design =re presented Results of tests 1llustrating the accuracy of the
equations zre repcrted .t 1s showrn that sandwich constructions having honey-
comb cores with thick walls may be designed by either this method or the one
previously presented in Fc:est Prcducts Laboratory Report No. 1810.

ntrerdction

Forest Products Latoratory Repert No 1810 (of which this report 18 a supple-
meni; -2ials with the compressive wrinkling stresses in the facings of sandwich
conatructicns ha' ing rontinuous core materials When a sandwich construction
is subjected to edgewise loads, the facings act similarly to elastically supported
columns and, therefcre, ha- e definite «ritical loads Also, these facings are
ne. ey perfectly flat, so that deflections occrur at small loads and increase more
and more rapidly as the Ioad apprcaches the critical load. The zore restrains

E-’I‘hie progress repcrt 18 cne of a series prepared and «distributed bty the Forest
Products Laboratory under U. S Navy, Bureau of Aeronautics No. NAer
01336 arc¢ JZAF Nc 31038)-51-43126-E, Amend 2:53-131). Results here
reportec are preluinary and may be revis:d as additional data become
ava.labl-

—~Maintaine:! at Maaison, Wis , in cooperation with the University of Wisconsin.
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these deflections, thus tensile and shear stresses develop in the core and

in the bond between the core and the facings. These stresses increase very
rapidly as the critical load is approached, and thus failure takes place in the
ccre or bonde at loaas less than the critical value. Report No. 1€10 presents
fcrmulas fo: tie maximum loads and 4« method of design for sandwich con-
gtructions that may fail by this method. Thete formulas and this method will
not apply to certain sandwich constructions involving honeycemb core mate-
rials because the size of the cells in the core material will influence the
length of the waves into which the fucings wrinkle. This supplement toc Report
No. 1810 presents ecuations and a design method that do apply to sandwich con-
struciions having cores of honeycomb materials.

VS sssw st -

The nomenclature is identical with that of Report No. 1810.

c tnickness of core

thickness of facings

tensile strength of core (or bond) in the direction perpendicular to
the facings

modulus of elasticity of facing material

modulus of elasticity of core in direction of load

modulus of elasticity of core in direction perpendicular to facings

modulus of elasticity of core parallel to facings and perpendicular
to the direction of the load

ratio of wave amplitude to half-wave length at no load

half-wave length of wrinkles

length of the column

compressive load per inch of edge on each facing

stress in facings
1

P (___\f__ 3
\EfEy Byxy

ol
Hxy fE«yP'x>

A ore minus square of Poisson's ratio for facings
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Poisson's ratio of core. The ratio of the strain in the 'x direction
to the strain in the y direction Gue to a stress in the y direction.

Similarly Oxys Txzs Ozx Tyz and Tzy
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Discussion of Mathematical Analysis

Critical Stresses in Facmg_g

In Repori No. 1810 the critical stress in the facings were found to be
insensit:ve to changea 1n 2 and ¢ (nomenclature in Report No. 1810) over
certain rangec of these proporties. The values 8 = 0.8 and o = 0. 25 were
chosen as values that yield sufficiently accurate results for many sandwich
constructions. It was pointed out, however, that thege values may not apply
to sandwich panels having honeycomb cores; and that for use of the curves

given for design purposes.

P U
K—Z—B-O (l)

should be greater than 0 5.

By the use of the defimtions in Report No. 1810 and Maxwell's relations, the
value of K may he expressed by

K :\IExEy S - \Iri_,f- (2)

2 Fxy 'Iy

ior planc stress, and:

' : o i o E
¢ _\lE"E‘I ) N yx 2% " VZ _E_f_ (3)

2 Kxy(l = Oxz Tzx) l-cCay0y2 y
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for pianc strain; in which y is always associated with the L direction
(tig. 1) and » and 2 are associated with the T and R directions,
respectively, or the R and i’ direction, respectively. The values of Tyx
and ¢y, are substantially eq. 2! to the value of Poisson's ratio for the mate-
rial of which the cell walls are made and may be taken to be about 0. 3.

Values of K were computed Ly means of equation (2) for a few honeycomb

core materiais for which appropriate elastic properties were available. These
values are givzn in table 1. It is found that for most of these materials K is
very small compared with 0. 5. This occurs because the values of E, are
usually very small compared with the values of Ey and Byy-

From tnis it -vas assumed that usable equations for the critical stress in the

facinga of sardwich panels having honeycomb cores could be obtained from

equations 1. 5.1 (for antisymmetrical wrinkling) and 1.10.1 (for symmetrical

wrinkling) of Report No. 1810 by letting the ratio ©x approach zero. This was
Ey

done hy firat letting ¢ = 0 and then taking the limit of these equations.

By taking this limit, equations 1.9.1 and 1.10.1 become:

22 [

Q - mwcC XY + 9‘ (4)
2 E
12L3q y 2 [-l + nlc? Bxy
12,2 Ey

(for antisymmetricai wrinkling} anl (for symmetrical wrinkling)

E
"ZCZ P’xy + ZLZQ y (5)
E
1212 ¢% y %

Q=

Thus there ie a critical value of Q associated with each half-wave length (L)
that may occur. The minimum values are:

Qf = E‘ 'l'z (6)
q

Report No. 18Iu-A -4




ket o ru-.-q-m vt

,lz" -
Q - Y (7)

for symmetrical wrinkling.

In equetica {6) q cannot be iess than the cube rootof 2 if B is to remain
nositive, as it rauet. (Becanase it in an elastic property.)

The curves of equations (6) and (7) are plotted in figure 2 together with the

turve of shear inetability, Q = —;-q. It may be noted that outside of the range

of q in which the value of Q is controlled by shear instability, symmetrical
wrinkling leads to lesser values of Q than antisymmetrical wrinkling. This
leads to ti:e cunclusion that sandwich panels with honeycomb cores will wrinkle

symmetrically.

Stresses in Faciﬂgs at Failure

As discussed in Report No. 1810, failure may be expected to occur before the
critical stiress is reached, due to failure in the core, or in the bond between
the core a2nd facings, because of the stresses built up associated with the
waves originally present in the facings. In Report No. 1810 the data indicated
that the amplitude of these original waves was proportional to the core thick-
ness; thus the waves were probably created in the manufacture of the panel
because of the presence of hard and soft spots in the core material. This
assumption may not be valid in connection with honeycomb cores because
these cores are very uniform in texture and thiclness.

The sheets of facing material, as they are received by the panel manufacturer,
are never perfectly flat, nor are they perfect ruled surfaces. As they are
pressed to the honeycomb cores, buckles form that break into shorter and
shorter buckles as the pressure is increased. When the pressure is sufficient
to ef{fect good bonding between the facing material and the core, the size of the
buckles is coincident with the size of the cells of the core material and their
amplitude is consistent with the amount of excess facing material over that
regquired o make the facing shects perfect ruled surfaces.

Now, if these same facing sheets were pressed to a core having a larger cell
size than the previous one, buckles wiil be formed consistent with the same
amount o! excess material hut of a greater length. It foilows that the ratios

of the amplitude to the wave lengths of these two sizes of buckles are identical.

Report No. 1810-A 5.




This argume::t leads to William's assumption (ref. 9, Report No. 1810) that
the arnplitude of the original wrinkles is proportional tc theic wave lengthn,

Therefore, the limit form of an equation is required that is similar to equa-
tion i.14. 8 o: 1.14.10 of Report No. 1810 but applying to symrmetrical wrinkling.
Such equations were derived, and it was found that the equation based on

shear failurc {not reported) is independent of the shear strength, which impliea

that shear st-ess at the bond betweesn the facings and core is not developed. The

one based on tensiocn failure is:
2 E

wzcz Hxy + 2Lq 7y
2L E
1 + — Y K
mc t o

In this equation the parameters:

A
Qp = P S ——————————
Eg Eybxy
1
_S 3
f 1-:, E, Byy

do not exclusively contain the construction and elastic properties of the sandwich
It might better be written in the form:

(R E

panel.
PPaT 7 2 E. L
— — K
1+ p _z't ” o
or in the abbreviated form:
4
A ¢ +aL
P 2 ¢ +bL (10)
L
.6-
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In equation {i1) the thickmess of the facings is included in the symbols A and a.
This was done because 1t 18 not expected that equation (9) will show the varia-
tion of wrirkliry stress with that of facing thickness There is little assurance
that the eame amount of excess material will occur in facing materials =f differ-
ent thickrnezs, and, thereiore, the factor Kn may vecadily Le an unknown func-
tion of this thickricss

This equation may be used in a number of ways. It ie assumed that the informa-
tion required {or the computationof A and a is at hand. If K is very small

(in the hundredths), L becomes the ceil size of the core material and the value

of b may ne found from tests of specimens having a certzin core thickness {c).
It is then possible tc compute, by use of the equaticn, the wrinkling streases of - .
spzcimeans having other core thicknesees If K is not small, enuation {10) does

not apply accuratiely. A reasonable approximation may be obtained by assuming
both b arnd L are unknown. Thus tests of specimens having two different core
thicknesses are required to obtain these valuea. The following equations, ob-
tained from equation (10), are useful for thie purpose.

b = + - = + - 2 (ll)

Equation (10) may be handled :n still another way, with b and L assumed to be
unknnwn, The value of L 18 assumed to be that which will cause the wrinkling
stress {p) to be a minimum By placing the derivative of p with respectto L
egqual to zero and solving for b

4
y = Z,_f c - aL (13)
aL% - 3¢
and directly from eguation (10).
b = A; R Aal, ) g_ (14)
L°p P =
Report No. 1810-A -7-
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These two cquations, simulinnecus 1n b
and -try methcds
nesa 'c) assumed

and L, may be solved by cut-
The solutions obtained will cdepend upon the core thick-

‘t wili be shown that this method of solution dcet not agree well with experi-

mental results and the pre.ious ones do 't follows that the value of the

haif-wave length L) 1s associated with the cell gize of the honeycomb core
material

Degerintion of Snnsiymens

It was desired to obtain face wrinkling at stresses 1n the facings well below
the proportional limit value of the facing material Tempered spring steel
0 0l in. h thick was, therefore, chosen for the face material Edgewise
compression tests of this material supported between lubricated plates indi-
cated that the pruportional limit st:ess was above 200, 000 pounds per square
inch  The mod.lus of elasticity was vvery near to 10 miliion pounds per
square inch, and the Poisson's ratio was assumed tobe 0 3 The ratio —L
¥
was, therefore, assumed to be }3 million pounds per square inch

Two res:n-treated paper-honeycomb-core materials were used According
to tests, subsequentiy described, they were found to have the following pro-

perties
Core type A B

Modulus of elasticity along the flutes tEy) p s 1 --16,700 68, 600
Modulus of elasticity across the flutes (ER} p.s 1 -- 0 99 109
Modulus of rigidity, sirains in LR plane:Gy Rr)

pst -- 1,560 6, 700
Value of K computed according to equation 2) 0 039 0 32
Cell size 1n the R direction. ... ... .. = in -- 0 24 017

Jther properties of core B were measured and will be found in the appendix.

Core A was used 1n six thicknesses, /8, 1/2, 3/4, 1, 1-1/2, and 2-3/8 inches
Fi.e specimens of sandwich consiruction were made of earbh thickness The
specimens were 4 inches long and 2 inches wide The core material was
oriented 1n these specimens with the R direc*ion tfig 1) parallel to the iength

Report No 1810-A -8-



" the specimen.

The ends of the facings were ground smooth and parallel
to each other,

I;laster ends were cast on the specimens as deccribed in
Report No. 15562 and 1liustrated in figure 4 of that wcpnvi.

Core B was used in seven thicknesses, 3/8, 1/2, 5/8, 3/4, 7/8, 1, and 1-1/4
inches. Three specimens of sandwich construction were made of the 3/8-
inch thickners, five each of the 1/2- and of the 5/8-inch thickness, two of the
7/8 -.inch thicknese, and six each of the remaining thicknesses. The width

of the specimens was 1-1/4 inches, and theis lengths varied roughly with their
thickneeses and were 2-1/2, 3, 3-1/2, 4, 4-1/2, 5, and S inches. Their ends
were ground and cast in plaster as described for core A.

Methods and Resulis of Tests

Sandwich Specimens

The sandwich specxme:.s were tested according to the method described in
Report No. 15562 on pages 4 and 5 and illustrated in fisure 4 of that report.
The results of these tests are given in table 2 for sandwich constructions

having core A and in table 3 for those having core B. In these tables the

distance between the plaster ends (unsupported length) is given in column ],
the width of the specimen in column 2, the core thickness in column 3, the

load at faiiure in column 4, and the stress in the facings at failure in column 5.

In computing these stressaes it was assumed that the core does not carry an
appreciable portior .,f the load.

In table 2, column 6 liste the averayge dimension of the cells in the direction
of the load for each specimen. Column 7 lists the moduli of rigidity of the
core material caiculated from the maximum loads of the specimens that
were sufficiently thin to fail by shear instability. The formula used for these
calculations is:

By = =
X
Y (f+c)2 : 1
2 2 E
1 f
zp-él;.__f_ £3 B-’t, — {
S g7 3 UL

3
—~Methods for Conducting Mechanica: Tests of Sandwich Construction at

Normal Temperatures. Forest Products Laboratory Report No. 1556.
Revised February 1950.

Report No. 1810-A -9.
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This formula was obtained from formula 3. 211 (A) of ANC bulletin 232 by
2esuming the rectangular sandwich panel to be infinitely wide and to be
¢lamped at its joaded ends. The average value (1, 560 lbs. p=r Lq. in.j of
the thinner specimens that failed by shear inatability was used in the caicu-

lations subsequently described, because the thicker apecimens that failed
in this way vielded erratirs valuco.

Similar values of mcdulus of rigidity are given intable 3, column 6, for
core material 3. The dimension of the cells ir. the direction of the load for

this core material was measured on one specimen only and was found to be
0.17 inch.

Specimens of Core Material

The moduii of elasticity in the directicn of the flutes (Ep,} was determined
by the method described in Report No. 1555,2. pages 5 and 6. and illustrated
in figure 3 of that report Two specimens of core A were tesi2d and yielded
the values 13, 800 and 19, 60C pounds per square inch, with an average of

16, 700 pounds per square inch Four specirnens of core B were tested and
yielded the value< 65, 300, 67,%00, 68,40C, and 72, 900 pounds per square
inch. with un average of 68, 600 pounds per square inch.

The moduli of elasticity in the other two directions (ER and ET) were measured

for core A on specimens 4 inches lung and 2 by 2 inches in cross section.
Lapght loads were applied in a teating :nachine, and the deformation between the
heads of the machine were read. Two specimens were tested for the deter-
rmination of each modulus. T = values obtained for ER were 0.909 and 1. 070
pounds per square inch, with . 1 average of 0. 99 pounds per square inch. The
valuee for Ex were 4.47 and 4. 59, with an average of 4. 53 pounds per square
tnch

Similar values were obtained for core B by the method described in the

appendix. Four specimens were tested. The individual values and their averages
are given in table 4.

Discussion of the Results of Tests

The results of the tests are given in tables 2 and 3, and the average values of
the «.rewses at failure are plotted, as circles, against the average core thicknesses

-

Frandwich Tonstruction for Aircraft. ANC Bulletin 23 published by the Muntions

. Board Aircraft Committee.

ZMethode of Test for Determining Strength Properties oi Core Material to Sandwich
Construction at Normal Temperatures. Forest Products Laboratory Report
No. 1555. Revised September 1950.

Regport MNo. 1810-A -10-




i figires 3, 4, and 5 In these figures the maximum and minimum vaiues
“re potted as dashes. !t will be seen that there 18 considerable variation
withis a single group uf tests  lius variat:on .s probably due to variation:s
in Jie tensile strength of the band between the facings and the core It is
assur-ed, however, that the average value obtained for each group of tests
reflec .5 the average .alue of the tensile strength of the bond.

The value of K for core A was 0 039, as pre.iously indicated, so that
equat:on {10) of the mathematical analysie should apply. Referring to
figure 3, the straight line to the lef' 13 the shear instability curve given by:

Exam:nation of the failures of the two groups of thinnest specimens indicated
that thayv failed by shear instability, and the modulus of rigidity of the core
material '.ny) was calculated by a formula similar to that above, but taking
the stifinesses of the 1nd:.1dual facings into account, aus previously indicated.

The remaining plotted valucs vary only slightly with the core thickness. [t
follows that the right-hand fraction in equation :10) must be nearly unity. If
1l is assumed that this fraction 1s unity, the -alue of the half-wave length (L)
may be calculated by using the average ~value (43, 900) of the stress. This
computed half-wave length 18 found to be 0 249 inch, which agrees very well
with th:: measured cell size of 0. 24 inch. This agreement indicates that the
half-wave length 18 associated with the cell size.

The average stress at failure for one of the groups of specimens tested may
be used for the determ:nation ofKt_ by the method previously described, by

(o]
using the cell si1ze 10 24 :n ) as the half-wave length By using the fourth

point from the left in figure ? for this puipose, the value ofR.t_ is found to be
o

5,270, 2nd the curve ghown is obtained The experimental points roughly
fall on this curve except for those indicating failure due to shear instability.

Several other compute? curves are given in figure 3 for comparison with this
one. The dimpling stress, as computed according to Report No. 1817, 2 was
found to be greater thasn the proportional hhmit of the steel facings and, thus,
does not influence the resulta The critical cur.es for antisymmetrical and

éShort-column Compressive Strength cf Sandwich Constructions as Affected by
the Size of the Cells of Honeycomb-core Materials Forest Products

Laboratory Report No. 1817

Repost * = 1810-A -
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symmetrica. wrinkling are gisen according to equations (6) and (7). It is
evident thai ihie experimental points are not related to these curves. A
curve 18 als.; shown that was calculated from equationg (13) and (14), Bo as
to pass near!y through the third and fourtl points. For this purpose a value

of R.t___ of 8,170 was chesen The half-wave lengths associated with this

o
curve are alzo shown in figure 3. 1t is evident that the experimental points
are not associated with this curve. Ali these curves do not take into account
the influence of the cell size on the half-wave length, and therefore support
the theory that this influence should be taken into account.

The value of K for core B was 0. 32, which is too iarge fos ithe present
theory and tco small for the theory given in Report No. 18]10. It will be
shown, however, that both theo.les apply to this core material.

Figure 4 shows the experimental points plotted on the graph of figure 16 of
Report No. 1310 It may be seen that the points roughly follow the curve for
a value of K of 0.05, ex:ept for those groups of specimens that failed
because of shear instability Thus the positions of the points could readily
be estimated by the ugse of this curve sheet if the position of one of them is
known. The use of the curve sheet leads to reasonable estimates.

Figure 5 is a plot for this data similar to figure 3. Because of the large
value of K(0 32) 1t could be guessed that the use of a singlc point and a half-
wave length equal to the cell size (0.17 in.) would not be suitable. This may
be illustrated by assuming that the second fraction in equation {10) is unity and
by calculating the half-wave length by using the average value of the stress
at failure {165, 000 lbs per 8q. i1n.). The value of the half-wave length
resulting from this calculation is 0.128 inch, which does not compare well
with the measured value of 0 }7 inch. If, however, equations (11) and (12) are
used with the :xperimental values for the second point from the left and the
average values for the sixth and seventh points, avalue for the half-wave
length of 0.1377 and a -alue for _1_ of 94, 500 are obtained. The resulting

2
curve is shown in figure 5, and it may be seen that the remaining experi-
mental points, except the {irst one for which shear instability controls, fall
roughly on the curve. Used in this way, the theory predicts reasonable values

for the remaining points.

Several other computed curves are given in figure 5 for comparison with this
one. The dimpling atress, as computed according to Report No. 1817, - was
found to be greater than the proportional limit of the steel facings and, thus,

does not influence the results. The critical curves irom equations (6) and (7)
show little relation to the data. Critical stresses for various values of the

half-wave length may be obtained from equation (10) Yy equating b to zero

Report No. 16]10-A -12-




{tensile atrength of bond is infinite) The data are, of course, related to
the critica! streas for L : 0 1377, ae is seen from the figure, but are not
related to the critical stress for a half-wave length equal to the cell size
{0.17). The helf-wave lengths associated with the symmetrical critical
stresses are also shown in the figure. It is seen that the curves associated
with a conetant half-wa- e length of 0.1377 inch are related to the experi-
mental data It seems, therefore, that the half-wave length is limited by
the cell size of the core but 15 not equal to it. It is possible, however, that
all the theory does, used in this way, ies to put a smooth curve through the
experimenta! points, but even if this is the case, it does not detract from the
usefulness of the theory It suggests, however, that the values of the half-
nbtained, mav he fictitious.

rma 1 t
wave length and 2

KO

Conclusions

It is concluded from these tests that.

‘1. If the value of K for the honeycomb core material is sufficiently small
(near zero), the theory developed applies.
2. If the value of & 18 larger, equations (11) and (12) may be used with

reasonable accuracy.
The thecry of Report No 1810 may be used for still greater values of K
4. There 1c an intermediate region of the values of K where the theory
of Report No. 1810 and equations (11) and (12) both apply.

w

AEEendix

Elastic Propertics of Honeycomb Core B

In this report 1t 18 assumed that the honeycomb core materials are ortho-
tropic in the RT plane (fig. 1). It is evident from the geometry of the figure
that the R and T axes are orthogonal axes of symmetry and, therefore,
that the material, 1n mass, is orthotropic; but that undoubtedly this ortho-
tropicity does not hold over dimensions atout equal to, or less than, the
dimensio®s of the individual cells.

A few tests were made 1n which strains were measured over a one-inch gage
length that included about six cells. Although these tests were inadequate,
they do indicate that the material is orthotropic over dimensions of this size.

They are reported here for what they are worth.

Report No. 1810-A -13-
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If the material is orthotropic Maxwell's relation:

should hold and equatons 2.1 (A) of ANC Bulletin 232 should hold. Two

axes exisi to which stress may be applied without causing shear strain.
Their positions are given by placing a3} of these equations equal to zero.
The equation obtained by this process is:

20

2 RT 1
2 Ep ER  bRT
tan“¢ = . (15)
2, ZerT 1
Ey Er HRT

Also, if the :r.ntexrial is loaded at some angl= (¢) to the T direction, a;;

hecomes the reciprocal of the modulus of elasticity (Eq,) in that direction
leading to the equations:

20

2
ae L e BEE L — ey 6
R Ep tan“s R KRT E48in“6 cos 0

These equations were checked by the substitution in them of measured values
of the various elastic properties. The apparatus used is illustrated in figure 6.
Four speamens were used. Their dimensions were _;. inch in the L direction

and 2 inches in both the T and R directions. A specimen, A in figure 6, was
placed between the support, B, and the loading bar, C, on 1/8-inchk-diameter
rollers as shown. A wire yoke connected the loading pan, E, to the loading
bar, C, and the specimen was loaded by placing weights on the pan. Deforma-
tion of the specimen was measured by means of an autocollimated optical-type
compressometer, of one-inch gage length, placed on top of the specimen. Each
specimen was tested in eight positions: (1) the force applied and the strains
measured in the T direction, (2) the force applied in the T direction and the
strains measured in the R direction, (3) the force applied and the strain
measured in the R direction, (4) the force applied in the R direction and the

Report No. 1810-A -14-
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strains measured 1n the T direction The specimen was then turned the
other side up and tests :n these four positions were repeated The loading
consisted of increasing the load by equal in-rements and then decreasing

1t to zero. Thus the effect of the slight amount of friction present in the
apparatus was eliminated by averaging thesc two curves. The streas-strain
curves were plotted, and their slopes were romputed. The values of these
slopes are given in tatle 4. From these slopes values of ET, ER, opR. 9RT:

Er ER i
, and were computed These values are listed in table 4.

TR ORT

was found to

was found to be 440, and that of
°TR °RT

be 380 According to Maxwell's relations, these --alues should be identical,
and they probably are, within the accuracy of the tests Their average value
of 410 was used for comparison with subsequent calculations

i1re average vaiue of

The celis in the core material seem to be ar-anged in rows running at an angle

of 32° to the T direction It would seem that the two axes previously referred
to should be about pa:allel to these rows. A single value of up was obtained

from a test similar to that descrited in Report No. 1555, 3l pages 13 and 14, and
illustrated 1n figuresll and 1} Thre value obtained was 2, 490 pounds per square
inch. Thris value, with the others already obtained, was substituted in equation
(15), anc ¢y was found to be 41°, which shows that the two axes are roughiy

parallel to the rows of cells.

Two specimens similar to those tested in the apparatus illustrated in figure 6
were cut from the core mater:al so that the load could be applied in the direction
of the rows of the cells (¢ = 32°) The values of E¢ obtained were 5, 300 and
2,640, or an average of 3}, 970 pounds per square inch. This value, with the
values of Et, Ep, and ppr 3lveady obtained, were substituted in equation (16).

and a value of “R  of 420 was obtained, which compares well with the average

IRT
experimental value of 410

The resulis of these tests indirate that the honeycromb core material is, substan-
tially, an orthotropic material and may he treated as such in calculations that

involve the average properties of the mater:al.
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Table 1.-~Valuss of K for a few honeycomb core materials

.10k

.063

No2
No
. 066
. 066

Mataerial : Celi :Density:Modulus of elasticity:Modulus of : K
: Bize T tmesmemvevcecccccsaveseas (o mql‘x-: ------------
: L R T R :
Tn. iThes/ 11,000 ¢ 1,000 11,000 1,00041,0001 '
: cu.ft.:p.8.1.: p.8.i. p.s.i. p a.i.p:adm'
heoz. duck ; 7/16 ; 3.7 ; 24.7 : 0.011 .0.025 : 5 6 0 086 0.061
{U.S. Plywood): : : : : :
Westplack : 1/4 6.0 : 82.8 : .0Ls : .054 : ; .3#5:
Westplack ; 3/8 3.8 : 51.5 : .007 : .017 : : Jd25:
C : H : : : : :
Paper 20.265 C okl 47.2 . .042 : .06k : : .072;
M.A.C.A. T.N.: .085 : 5.0 : k8.5 : .0k : 067 : : JOTh:
1529 Teeeseet 6.2 * T2,5: .101 : 111 : : J10k:
Teeeses: 6.6 : TL.5: ,087 : .108 : : J063:
seace e 806 :100-5 : 0357 . .)'"67 H H olhh:

L 082

Report No. 1810-2
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Table 2 --Dimensions and results of tests of sandwich

constructions having

type A cores

Column : Widtn Core : load a%
length :thickness: failure
(1) (2) : (3) : (&)
In. : In. : In. : ib.
1.36 2.00 : 0.32% : 1,225
1.37 2.00 : .325 : 1,310
1.47 2.01 : .327 : 1,330
1.45 2.00 : 327 1,330
1.44 2.0 :  .327 i,2k0
Av. :.I..CO....; .327 LI IE BN B BN W W WY

2.07 : 2.00
2.00 : 2.03
2.00 : 2.00
1.92 : 2.00
1.97 : 2.01

Av. :0........‘

2,22 : 2.00
2.10 :  2.00
2.22 . 2.00
2.19 : 2.00

Av, leesencseses

2.08 2.00
2.16 : 2,02
2,11 : 2,00
2.07 : 2.01
2.06 : 2,00

Av0 :'.!..00000

Report No. 1810-A

SO 5 00 ¢ 00 20 00 40 S0 00 6 00 e ¢4 ¢o 40 o0 es e 0 00 oo 4% e e

®9 28 €3 0% 99 00 ¢4 S0 ae 85 e

1,380
1,020
1,595
1,505
1,255

LA NN NN N

1,950
1,950
1,925
1,540
1,360

1,865
2,100
1,595
1,620
1,450

*e 20000009

8¢ 56 04 o0 e¢ e s s .

G0 00 29 40 20 20 ¢¢ 0t 00 60 o4 20 oo e 40 oo oo

Stress in
facings
(5)

6 00 09 80 ¢0 s ee 4o w0 o4 as e OF 00 0 4o 00 o0 26 00 00 o0 4o se e o e

e oo

80 oo 28 s e s

Cell ¢ Moduius
height :of rigide-
ity of

.
H
---------- H

sessseccsesns 1,555
€0000crsoae’ 1,557
."...‘.....: 1,620
...........: 1,518

tvescscvccan’ 1,,"78

.‘.........Il1’562

tesccsssenvel 1,226
eenrcecrenssol 853
eoccossovces 1,&25
...........: l,ahl
ess000s0c00 s 1,090

cececsescest 1,159
0245  teveeecese
.2‘#8 ceeccrcsne
247
.251 :.........
R-1%, S

247

02h6 ;....0....
.235 :....l....
.2hl :...0.0..0
-233 :
+250 :

eseevacse

-5 1

S0 0000000

(Sheet 1 of 2)



foa o o "

Table 2.--Dimenscione and results of tests of sandwich constructicns having
‘ type A cores (Continued)

Column : Width : Core : Load at : S*ress in: Cell : Modulus

langth :thiclness: failure : facings : height :of rigid-
: : : H H ity of

: : : : : core

(1) 2 : () : & : (5 : (6 : (7
In. : In. : In, : Ib. : P.sel. : In. : P.s.i.
2.01 : 2.00 : 1.446 : 1,775 : M,E00 i  0.238  Zeeeeees..
2.22 : 2.00 s 1445 : 1,575 39,h00 : 21 Lessvscene
2-16 H 2.01 H l.“&B H 2,200 H 55,000 H 02h5 Ceceesevee
2.18 : 2.01 H 1.‘650 H 2,075 : 51,900 : 221 HTYYXRE Y
£.2%5 ¢ 2.00 : 1.b49 : 1,455 : 36,400 : 238  fteeenceses
Av. :..........; l.hha ;.......-.; hs,hoo ; .236 ;.‘........
2.26 2.00 : 2.390 : 1,775 : 44,500 : 240  feeeeseons
2-19 2.00 : 2o391 H 1,9“0 : “‘8’500 H 0255 tecececnee
2.29 2.00 : 2.399 : 1,525 : 38,100 : o220 feceecsess
2.28 2.00 : 2.396 : 1,355 : 33,900 : 2Ul  tiivecccas
2-17 2.00 H 2.3% : 1,5"‘5 : 38,600 M 02!‘5 tessscenee
Av. :....';..'.; 2.392‘ ;...C.....; !‘0,700 H .236 ;..‘....‘.f
Grand av. :......I...;..O......;.........;..........; .2h0 ;.........

dModulus of rigidity of 1,560 from first group of specimens used in
couputatione.
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Table 3.--Dimensions and results of tests of sandwich constructions having
type B cores

Col:.an @ width 3 Core s Load at : Strees in :Modulus of
length : thickness : failure : facings :rigidity
: H : : : of core

R L e L e Y T Y T Y Y T L L T T Y]

1.0 : 1.28 : 0.378 : 3,550  : 141,200 : 6,500
115 @ 1.26  :  .37% : 2,570  : 102,700 : 4,700
1.13 1.26 : 378 : 4,620 : 185,000 - 8,800

AV. Tvvecrsese seess 0378 HE R IR R 1“2,900 : 6,700

2.16 1.27 : .522 : 3,440 : 137,600  f.iciiecanes
2.06 : 1.25 :  .506 s b,40  : 177,600  f.eeeeenen.
2.09 1.26 : 511 : 4,335 : 175,500 ceecenccnee
2.08 1.27 : 503 : 4,975 : 199,000  f.iceicenees
2.03 1.27 : .503 : 4,610 : 184,500°  t.iieieccean

Av. ; ------ 0-0-..; -507 ;o-oo.ooo.oooo; 171",1"00 ;-.o--.ooooo

1.27 : 625 : 4,190 t 167,600 f.veesccose
1026 H 0622 H 3’810 H 152,500 cevecsessnce
: 622 : 3,950 : 158,000 iiiceenens
1027 H 0621 . h,8}0 H 193,300 tcessscccnsce
1.26 : 622 : 4,085 © 163,500  teveeseaens

VIRV VI VI b

. L] .
AN\ & &
RN = N

-

*

o

(o]

.

4 Av, tcecunss seveves 0622 teevecsenessses 166,500 cesecsssnne
2.95 1.26 : <Thl : 3,975 t 159,000 fecieeceess
3.15 1.26 : «T49 : 4,295 : 172,000 :.veeecccee
2.98 1.26 : STUT : 4,240 $ 169,600  teiercececon
3,08 1.26 : 4T : 4,430 $ 177,200 teecovecens
3.1 1.27 : .Th2 : 4,100 : 164,000 t.eeesccens
3,08 : 1.27 : .756 : 3,400 $ 136,000 f.cececcecs

Av' ;.‘..........; .7&7 ;.............; 162'900 :..........
5,65 :  1.25 & .89h  : 3,85  : 155,000 .eeeeeeses
3,7 1.25 : .896 : 4,200 : 168,000

Av. ;l......‘l...; .895 :...C.....‘...: 161,000

(A XN ENNEN NN )
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Table %.--Dimensions and results of tests of sandwich constructions having
*ype B cores (Continued) ~

Column : width : Core : Load at : Stress in :Modulus of

length : ¢ thickness : failure : facings : rigidity
: : : : : of core

---------------------------------- .‘----------’-- swoenmeaneecese ' ceccoacsecew

(1) (2) : (3) : (&) (5) (6)

52_ EE; IE_ LE; 2,3.1. P.s.l.
L.20 1.25 : 1 008 :+  4,1k0 t 165,700 fe.eienecas
4,20 : 1.25 : 1.006 : 3,800 : 152,100 :t..eecscnee
2z 1.25 : 1.017 : 4,890 : 195,600 t.c.eieenne
L .20 : 1.25 : 1.017 : 3,720 : 149,000 :..... veses
ho08 N : 1-25 : . 1-006 : h’lso : 166’000 :-onnavco.n
h.20 1.25 : 1.001 : 3,690 : 147,600 f..eecevnes
Av.4 : uuuuuuuuuuu ': 10009 :......II.....: 162,500 :OOOI-U'....
4.23 : 1.25 : 1.250 : 4,300 : 172,000 teceaenvees

h.31 1.2% : 1.248 : 3,480 : 139,200 fececevencs
L.or : 1.25 : 1.247 4,335 : 173,500 tececesoncs

k.26 1.25 : 1.246 : 3,350 : 134,000 toiieedeess
L3k ;125 :  1.246 : 3,770 : 150,700 eeeereesns
416 :  1.25 :  1.25% : 3,635 : 145,500 z..e.eeen..

Av. :ouo-.tcoio..: lu2h7 :...l.nn..-.o.: 152’500 :'ecuuu'u...
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Table & - Elastic broperties of core B

Q . f . f . f - -
opec, T : T : ET
No. @ e . = . £ R TR Tar — %2_

.
ik P Y DU e L I bt T TP O S HE T N

1 ; 580 ; 585 ; 253 ¢ 394 N T
010 410 320 ¢ WSh L. ......se.... B

Av. i 8k i 397 . 286 : Lok | 1.37 : 0.68 : 400 : k2o

2 1 760 : 675 : 337 : 8o S SR
: 866 : 42k . L4 : 480 lerereteelatraneetorernacetonacannas
ive i 810 ¢ Sk9 ;o391 : 480 : 148 . 82 : 550 : 480

3 ; 570 -: 455 ; 285 ; L R e S S
P2 352 1 260 & 396 R T N SR

Av. 506 : 403 : 272 : 325 : 1.25 : 8L koo : 320
L ; 581 ; 348 ; 321 ; 279 ;........;.. ..... ;........:.........
Pokk2 : 298 i o252 ¢ B3 4L L.oiiuiiee... R

Ave i S : 323 : 286 . 1 158 : .92 : 320 : 310

AVt 593 ieiii...t 309 everretereenientonninnes L0 380
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Figure 1. --Cross-sectional view of a honeycomb core material, showing
the directional notation as used in this report.
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Figure 3. --Analysis of results from sandwich constructions having core A.
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Figure 5. --Analysis of results from sandwich constructions having cocre B.
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